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other from the spring-like afternoons of winter to the 
desert heat of the summer afternoons. 

A criticism of all climographs should be emphasized 
here, namely, that they can not show graphically the very 
important itom of wind velocity as a determinant of 
human sonsation in connection with temperature and 
relative humidity. The makeshift here adopted of 
placing alongisde of the month or hour p0int.s the average 

month through the 3Oth, and letters show the prevailing 
wind direction for the corresponding days. 

From positions in the "moderate ' area of the figure, 
the succession of points suddenly trends out into the 
' 'scorching " area, showing at. a g1;lrl.nce what would 
otherwise need two curves and considerable description 
to make clear. 

The climograph can be used ih visualizing the effect 
of other cyclonic weat.her changes, such, for instance, as 

FIG 4-Monthly avezages oI air tern rature and relative humidity at 8 a. m. and 
m., Fresno, Calif. 8 a. m.=solidrne 4 p m.=brokenli. Mean wind velocItIRs 4 

for Jannaryand Julynearinltlallctters ohhosemonths. 

wind velocity is obviously unsatisfactory, but still a help 
to the fuller interpretation of the graphs. 

Finally,. figure 5 is presented to show the versatility 
of the cluno aph in illustrating the effects of non- 

interruption of the smooth summer coo ness a t  Berkeley, 
Calif., on the coast, by the pnssa e of the center of H, 

maxima of temperature and minima of relative humidity 
iiidicate the progress of the change from the' 19t.h of the 

r periodic weat ?f er changes. The exam le is that of an 

pronounced high pressure north o 9 the station. Daily 

Fro. 5.-Effect of a hot wave on dally masima or air temperature and minima of relatire 
humidity at Bcrkeley,CaliL, Sept.. 19 to 30. inclusive, 1917. Figurea-dates, letters- 
prevailing wind direction on the glvm date. 

occur at-the passage of the wind-shift line. With it one's 
conception of the eflects of thunderstorms, sea breezes, 
Texas northers, and many more of the important charac- 
teristics of local climate and weather can be made more 
vivid. With it the climatologist can illuminate some- 
what more brightly the endless columns of data which 
too often are dark and uninteresting to the "average 
man." And, like the curve, the climograph can be used 
with moderation. 

THE KATATHERMOMETER: AN INSTRUMENT TO MEASURE BODILY COMFORT. 

By ROBEBT A. JACOB. 
(v. 5. Naval Proving Ground, Dahlgrm, Va., June 30,1920.1 

It; has lon been known that dry-bulb readings do not 

bod is a dynamic organism, maintaining, under normal 
he th, a near1 constant temperature in the close 
neighborhood o 98.6' F. This standard condition is 
controlled physiological1 by the heat gained in the 

amount of heat lost from the skin and respiratory mem- 
branes. Since the air temperature is enerally far below 

mass of hot matter constant1 osin heat, which loss is 
perpetually being made gooz iy.F%ysiological changes 
which very nearly maintain the uni orm thermal standard 
referred to above. When the rate of loss remains greater 
than the rate of gain for any considerable period we say 
we are cold; when the rate of .gab becomes and remains 
greater than the rate of loss we say we are hot. 

furnish a de a nite index of bodily comfort. The human 

internal combustion of 9 ood and by regulation of the 

98.6O F., it is seen that the bod may % e thought of as a 

9 9 
In either case we are uncomfortable and a re 

of one or both is necessary to reinstate a con P ition of 

our control and so our efforts to remain comfortable Yl ave 

body. Obvious s y we are intexested in this discussion in 

comfort. To all intenta the rate of heat gain is be ond 

to do with a re ulation of the rate of heat loss from the 

the measurement of the effect of the atmospheric condi- 
tion on the body. 

The methods we have at present for measuring the 
departure of our atmospheric environment from that 
standard which produces the greatest comfort are wholly 
inadequate. Measurements of dry temperature and 
relative humidity by means of the webbulb thermometer 
do not give a true idea of the condition. The dry ther- 
mometer is a static instrument and averages the influ- 
ences of the environment, while the body, as has been 
said above, is a dynamic organism maintaining by ita 
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own physiological activities a constant temperdture. As 
for instruments to measure relative humidity, it is suffi- 
cient to say4hat these instruments do not mdicate the 
conditions they axe designed to measure as accurately as 
they should. Together with temperat~e and relative 
humidity, bodily comfort is also dected by air movement, 
or, reducing the whole matter, we may say that the loss 
ot heat from the body tb the atmosphere m general and 
air movementg which remove the saturated and heated 
air and supply cooler and drier air are the conditions 
which deet bodily comfort. 

As early as 1826, Dr. Heberden(1) suggested that ob- 
servation of the rate of fall of a thermometer, previously 
heated, would furnish data for the computation of bodily 
comfort. He heated a thermometer to 100’ F. and noted 
the number of degrees which it fell in 10 minutes as a 
measure of “sensible cold.” 

In 1875 Prof. J. W. Osborne introduced an apparatus 
which involved a wet cylinder of pa er containing warm 
water as a quantitative measure. &. A. Piche, brought 
forward a slmilar instrument which he called a deper&- 
meter (2): He measured the amount of gas necessary 
to maintam the water at body heat, the gas being regu- 
lated automatically. Prof. J. R. Milne’s “constant 
temperature” suc7waino~ter (3) was introduced in 191 1 

the same instrumbnt. Electrical heating an measure- 
ments were used. He deduced an empirical formula 
giving the rate of cooling as a function of temperature 
and wind velocity. 
In 1911, Dr. F. Frankenhauser (4) introduced an 

instrument called the honuEothom for measuring the cpol- 
ing effect of temperature, moisture, mind, solar radiation, 
eto. It consisted of a small co per cylinder filled with 

to r e loss of one gram calorie. Various thicknesses of 
ditrerent textiles were wrap ed around the cylinder to 

E was noted that an increase in wind velocity had a 
more marked effect than a sharp fall in temperature. 

Prof. Leonard Hill introduced two instruments; one, 
the eabometer devised in collaboration with Prof. 0. W. 
G f i t h ,  consists of a small electrical furnace automatically 
kept at body temperature and work i i  on much the same 
pnnci le as instruments of the same class already men- 
tionecf: The other invention is the katuthmmter 
(5) and was first described b the inventor in 1913. 

constructed thermometers with large bulbs a n 8  stems 
graduated from 86’ to 110’ F., one to be used as a dry 
and the other as a wet bulb thermometer. The bulbs 
are heated by means of hot water to a temperature of 
about 110’ and place in clips which hold them in a hori- 
zontal position, after drying the one and removing the 
excess moisture from the other. The time taken for each 
thermometer to fall from 100’ to 90’ F. is observed by 
m e w  of a stop watch and these readings serve as values 
to be transformed into an-index 
effect of the air immediate1 

45 seconds a n a t h e  dry 2 minutes 20 seconds. Under 
any conditions the maximum time for the wet sould be 
1 minute and the dry 3 minutes. Factors have been de- 
termined for each thermometer so that the rate of cooling 
can be ex ressed in milli-calories per square centimeter 
er secon8. The rate of fall of both thermometers will 

!e affected by air movement and radiant heat as well as 

and was soon P ollowed b his “constant energ$’ type of 

water in which was lunged a t 1 ermometer. It was so 
desi ed that a fall o P one degree centigrade corresponded 

ap oximate more closely t i! e environment of the body. 

The katathermometer out H t consists of two s ecially 

On an ideal s ring day t i 

by air temperature, and the wet bulb will also be afTected 
by the humidity. An extended series of experiments was 
made by Prof. C.-E. A. Winslow (6) of the Yale Medical 
School, using this apparatus. 

Three series of experiments were made under varyin 

the vote of from three to twenty observers, who expressed 
their opinion on an arbitrary scale as follows: 1, cold; 
2, cool; 3, ideal; 4, warm; 5, hot. The deductions drawn 
show that although the katathermometer appears to be 
unduly influenced b air movement, “it seems clear that 

influence of air conditions upon the body an is great17 
su erior to the ordinary thermometer for this purpose. ’ 

Kessrs. Hill, Griffith, and Flack have published an im- 
portant contribution (7) in which the rea 

square centimeter. 

ment of heat loss as follows: 

conditions, the results in each case being compared w i  d 

thisinstrument is o 3 great value in measurin the actual 5 

pressed in the fundamental units of 

Empirical formulas have been deduced for the measure- 

For the dry kata- H =  (0.27+0.49Jv)(T-t). 
For the wet kata- H’ = (0.27 +0.4<4V)( T- t )  + 

where H, H’ are the heat losses from the dry and wet 
katas, respectively, in milli-calories per square centi- 
meter per second, V IS the wind velocity in m. p. s., T 
is the katatemperature (36.5’ C.), t i s  the air temperature 
(’ C.), F the saturation vapor pressure at 36.5’ C. (45.4 
mm.), andfis the vapor ressure of the air. 

Mr. C. W. B. Normanf (8) has recently publiihed an 
estensive article in which he discwses what he calls the 
“upper climatic limit.” In  this discussion is 8 good 
account of the katathermometer with several r p k .  
He fiids that for ordinary conditions the wet ata 18 
very suitable but, under those conditions of temperature, 
air movement and, humidity which tend to make life 
cease, he finds that a lqe-bulbed wet thermometer is 
more desirable. 
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THE SCIENCE OF VENTILATION AND OPEN-AIR TREAT- 
MENT. 

By Dr. LEONARD HILL.’ 

The British Medical Research Council has just issued, 
under the title of “The Science of Ventilation and Open 
Air Treatment,” a very commendable study upon the 
important relations between atmospheric conditions, 
health and comfort. The work of Dr. L e o n d  Hill on 
r 1 The Italian Government has conZerred u on Dr. Leonard. Hill F R S the Italian 
silver medal ‘‘Ai Benemeriti della 56slut.e Pu%liCa.” (8eie3lce, Neb Y&, h. 16, Islo, 
P. 958.). 


